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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an 
apparatus for machining the surface of a cooling drum 
for a* continuous casting machine of thin cast piece, 
which enables stable casting of a thin cast metal in 
which two primary defects of a thin plate product, 
surface crack and uneven brightness, are simultaneously 
suppressed. 

SOLUTION: The method and the device for machining 
dimples on the surface of a cooling drum for a 
continuous casting machine of thin cast metal are 
characterized in that the surface of the drum is 
irradiated with a Q-switched C02 pulse laser beam and 
small holes whose diameter is 50 to 200 and depth is 
50 p.m or larger are formed spaced with a pitch of 100 to 
500 |im under the condition that the holes do not come 
in contact with each other, the pulse energy of the Q- 
switched C02 pulse laser beam is 40 to 1 50 mJ, the full 
width of time is 30 to 50 jusec, and the converged 
diameter of the laser beam is 50 to 1 50 jam. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the dimple processing approach of the drum for thin cast piece continuous casting 
machines for supplying a molten metal to the slag trap formed in the upper part of the gap of the 
cooling drum of a pair which rotates to an opposite direction mutually continuously, and carrying 
out continuous casting of the thin cast piece to it A Q switch C02 laser pulse is irradiated at 
this drum surface. A diameter 50-200 micrometers, In case it forms so that a pitch may be set 
to 100-500 micrometers under the conditions which between holes does not touch [ the depth ] 
in a minute hole 50 micrometers or more The dimple processing approach of the drum for thin 
cast piece continuous casting machines which the pulse energy of a Q switch C02 laser pulse is 
40 - 150mJ, and a time amount full is 30-50microsec, and is characterized by setting a laser 
beam condensing diameter to 50-150 micrometers. 

[Claim 2] The dimple processing approach of the drum for thin cast piece continuous casting 
machines that a diameter is characterized by forming the hollow of the conditions which have a 
lap mutually [ 200-3000 micrometers and the depth ] in contact with [ in 80-250 micrometers ] 
the drum front face before performing laser beam machining in the dimple processing approach 
of the drum for thin cast piece continuous casting machines according to claim 1. 
[Claim 3] The dimple processing approach of the drum for thin cast piece continuous casting 
machines characterized by being the curved surface where the drum front face before 
performing laser beam machining is smooth in the dimple processing approach of the drum for 
thin cast piece continuous casting machines according to claim 1. 

[Claim 4] The dimple processing approach of the drum for thin cast piece continuous casting 
machines which is a drum on which this drum galvanized either or these combination of nickel, 
nickel-Co, nickel-Co-W, nickel-Fe, nickel-W, Co, nickel-aluminum, and Cr on the drum front face 
in the dimple processing approach of the drum for thin cast piece continuous casting machines 
according to claim 2 or 3, and is characterized by performing this plating before laser dimple 
processing or after laser dimple processing. 

[Claim 5] The drum slewing gear made to rotate the drum for thin cast piece continuous casting 
machines with the constant speed which was able to be defined beforehand, The Q switch C02 
laser oscillator with which 50 - 150m J and a time amount full output [ pulse energy ] the pulse 
of 30-50microsec with the pulse repetition frequency of 6kHz or more, The light-scanning 
equipment which scans the laser beam outputted from this oscillator in this drum revolving-shaft 
length direction, The beam condensing unit for carrying out convergent radiotherapy of the laser 
beam condensing diameter to 50-150 micrometers, It has copying-control equipment which 
measures drum crown on-line and controls uniformly the gap of said beam condensing unit and 
drum front face based on the signal. Dimple processing equipment of the drum for thin cast piece 
continuous casting machines characterized by this thing for which it continues all over a drum 
and the hole of a fixed diameter and the depth is processed at fixed spacing. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment for attaining the approach and it 
which perform dimple processing to the cooling drum of the congruence drum type continuous 
casting machine in which a thin cast piece is directly cast from the molten metal of plain steel, 
stainless steel, alloy steel, silicon steel, and other metals. 
[0002] 

[Description of the Prior Art] By continuous casting, equivalent [ to a hot strip ] or for example, 
congruence drum type continuous casting equipment is known as equipment which manufactures 
the cast piece of the thickness near it. this — equipment — drawing 7 — being shown — as — 
a shaft — level — carrying out — mutual — approaching — concurrency — installing — having 
— and — mutual — hard flow — rotating — a pair — cooling — a drum — one — one — 1 — 
cooling — a drum — one — one — ' — both ends — a field — being stuck by pressure — 
having had — a side — a weir — two — being main — a configuration — a member — ** — 
carrying out — **** . 

[0003] A seal chamber 4 is formed above the slag trap 3 formed in the cooling drum 1, and V and 
the side weir 2, and inert gas is supplied in a seal chamber 4. By supplying a molten metal to a 
slag trap 3 continuously from tundish 5, a molten metal forms coagulation shell in the contact 
section with the cooling drum 1, and coagulation shell is stuck by pressure on the kissing point 6 
with rotation of the cooling drum 1 and 1 and serves as the thin cast piece C. 
[0004] There is a problem that the front face is remarkably influenced of the formation condition 
of coagulation shell, and a surface check and uneven brightness generate it with the ununiformity 
of the coagulation shell thickness by quenching etc. since the thin cast piece C has board 
thickness as thin as about 1-7mm. In order to prevent generating of a surface check, the 
technique of establishing many hollows in nickel plating part of a cooling drum peripheral surface 
by shot blasting, photograph dirty, laser beam machining, etc. is indicated by JP,60-1 84449,A. 
Perform slow cooling of a molten metal by forming the gas gap used as a thermal break between 
a cooling drum and coagulation shell by this hollow, and make a molten metal enter a hollow 
moderately, a convex imprint is made to form in a cast piece front face, and equalization of 
coagulation shell thickness is attained by making coagulation start from the periphery of a 
convex imprint. The oxide (Society for Cutting Up Men) which floats on the front face of the 
molten metal (molten metal) poured into the basin section however, with rotation of a cooling 
drum It is drawn along with the molten metal flowing in, it adheres to the front face of the 
coagulation shell of a cast piece, and may be cast, consequently the coagulation ununiformity 
arose between the Society for Cutting Up Men inflow section of a thin cast piece, and an area 
free from defect, the crack occurred, and there was a trouble that the quality of a cast piece 
was spoiled. 

[0005] Since it corresponds to such a trouble, the cooling drum structure of preventing a 
product surface check by the hollow of a small path, and preventing uneven brightness by the 
hollow of a large path is shown by introducing into a publication-number No. 238651 [ four to ] 
official report, and JP,6-328204,A combining the hollow of two kinds of magnitude. However, it 
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became clear that it is difficult to make coincidence satisfied with the combined condition of the 
hollow currently indicated of two sorts of above-mentioned functions as a result of the 
experiment research by the invention-in-this-application person. 

[0006] Next, as an approach of using laser for dimple processing of the drum for thin cast piece 
continuous casting machines, the approach the path of 500 micrometers or less, a depth of 50 
micrometers or more, and a hole pitch form a 5 or less times [ of a bore diameter ] hole 1.05 or 
more times using a pulse laser with a wavelength of 0.30-1.07 micrometers is indicated in the 
patent No. 2032085 official report. Reference of the example in this indicates the example whose 
hole pitch is 200-250 micrometers using four YAG lasers with a pulse repetition frequency of 
500Hz. When the configurations of a cooling drum are temporarily assumed to be 1m diameter 
and 1m piece here and a hole is introduced in 200-micrometer pitch, about 80 million hole 
processing will be carried out on the whole. Although the flash lamp which generally carries out 
pulse luminescence is used for excitation of the YAG laser for performing such processing, the 
life is 1 million to 10 million pulse. Therefore, even if it processes it using four sets of YAG 
lasers, it must become impossible to process the whole surface among lamp lives, it must 
suspend end processing on the way, and must perform lamp replacement. In this case, since the 
discontinuous nature of processing was discovered in a halt part, when it cast using such a 
cooling drum, there was a trouble that a crack occurred in this discontinuous part. Although the 
above troubles are solvable by this method if the number of laser is increased from four sets to 
ten sets, there is a trouble of processing equipment becoming large-scale and complicating. 
[0007] In order to cope with a trouble as shown above, generally, as the processing approach 
using a Q switch C02 laser, the dull processing approach of a cold-rolled roll is indicated by the 
patent No. 3027695 official report, and the processing approach of a copper alloy is indicated by 
the publication-number No. 309571 [ eight to ] official report. Although the method of realizing 
hole processing is indicated using the Q switch C02 laser pulse to which a pulse full has the 
initial spike and pulse tail to 30microsec in these, each hole depth is invented considering about 
40 micrometers as an upper limit. On the other hand, since the hole with a depth of 50 
micrometers or more needed to be formed as requirements for preventing a surface check and 
uneven brightness in this application, from well-known contents, there was a trouble that hole 
processing which agreed aimed at obtaining this application was unrealizable. 
[0008] 

[Problem(s) to be Solved by the Invention] The place made into the technical problem of this 
invention is to realize the technique in_which of the cooling drum in which it continues at a long 
period of time , and the thin cast piece which controlled to coincidence generating of the surface 
check and the uneven brightness which are the two major defects of the sheet metal product 
which is a trouble in the above-mentioned conventional technique may be cast to stability can 
be offered , and offers the laser dimple processing approach and the equipment of the drum for 
thin cast piece continuous casting machines for it . 
[0009] 

[Means for Solving the Problem] Said technical problem is solved by invention of the following (1) 
- (5). 

[0010] (1) In the dimple processing approach of the drum for thin cast piece continuous casting 
machines for supplying a molten metal to the slag trap formed in the upper part of the gap of the 
cooling drum of a pair which rotates to . each other in an opposite direction continuously, and 
carrying out continuous casting of the thin cast piece to it A Q switch C02 iaser pulse is 
irradiated at this drum surface. A diameter 50-200 micrometers, In case it forms so that a pitch 
may be set to 100-500 micrometers under the conditions which between holes does not touch 
[ the depth ] in a minute hole 50 micrometers or more The dimple processing approach of the 
drum for thin cast piece continuous casting machines which the pulse energy of a Q switch C02 
laser pulse is 40 - 150m J, and a time amount full is 30-50microsec, and is characterized by 
setting a laser beam condensing diameter to 50-150 micrometers. 

[0011] (2) The dimple processing approach of the drum for thin cast piece continuous casting 
machines that a diameter is characterized by forming the hollow of the conditions which have a 
lap mutually [ 200-3000 micrometers and the depth ] in contact with [ in 80-250 micrometers ] 
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the drum front face before performing laser beam machining in the dimple processing approach 
of the drum for thin cast piece continuous casting machines given in XD term. 
[0012] (3) The dimple processing approach of the drum for thin cast piece continuous casting 
machines characterized by being the curved surface where the drum front face before 
performing laser beam machining is smooth in the dimple processing approach of the drum for 
thin cast piece continuous casting machines given in .(1) term. . 

[0013] (4) The dimple processing approach of the drum for thin cast piece continuous-casting 
machines which is a drum on which this drum galvanized either or these combination of nickel, 
nickel-Co, nickel-Co-W, nickel-Fe, nickel-W, Co, nickel-aluminum, and Cr on the drum front face 
in the dimple processing approach of the drum for thin cast piece continuous casting machines . 
(2) or given in (3) terms, and is characterized by to perform this plating before laser dimple 
processing or after laser dimple processing. 

[0014] (5) The drum slewing gear made to rotate the drum for . thin cast piece continuous 
casting machines with the constant speed which was able to be defined beforehand, The Q 
switch C02 laser oscillator with which 50 - 150m J and a time amount full output [ pulse energy ] 
the pulse of 30-50microsec with the pulse repetition frequency of 6kHz or more, The light- 
scanning equipment which scans the laser beam outputted from this oscillator in this drum 
revolving-shaft length direction, The beam condensing unit for carrying out convergent 
radiotherapy of the laser beam condensing diameter to 50-1 50 micrometers, It has copying- 
control equipment which measures drum crown on-line and controls uniformly the gap of said 
beam condensing unit and drum front face based on the signal. Dimple processing equipment of 
the drum for thin cast piece continuous casting machines characterized by this thing for which it 
continues all over a drum and the hole of a fixed diameter and the depth is processed at fixed 
spacing. 
[0015] 

[Embodiment of the Invention] (A) Explain the requirement for a configuration and its reason for 
a convention of basis **** of the shape of cooling drum surface type, and the quality of the 
material, and a dimple processing hole to a detail. As generally described in the Prior-art term, 
an oxide (Society for Cutting Up Men) is drawn with rotation of a cooling drum along with the 
molten metal flowing in, when it adheres to the front face of the coagulation shell of a cast piece 
and is cast, a coagulation ununiformity may arise between the Society for Cutting Up Men inflow 
section of a thin cast piece, and an area free from defect, and a crack and unevenness may 
occur in it. Then, as a result of invention-in-this-application persons' carrying out experiment 
research covering a detail, it became clear by introducing a dimple processing hole on specific 
conditions that a coagulation ununiformity did not occur in the part where Society for Cutting Up 
Men flowed. The coagulation ununiformity which generates invention-in-this-application persons 
when Society for Cutting Up Men flows between a molten metal and a cooling drum found out 
originating in existence of the air space which it is involved in at the time of an inflow and is 
generated rather than the difference in the thermal conductivity of Society for Cutting Up Men. 
In this case, if the dimple processing hole of extent where neither a molten metal nor Society for 
Cutting Up Men flows in with surface tension exists in a front face, said air will be collected by 
the amount of this hole, and formation of an air space will not generate it Therefore, even if 
Society for Cutting Up Men flows, generating of a coagulation ununiformity will be controlled. 
Since it becomes possible to specify the coagulation origination of nucleus at fine spacing when 
a dimple processing hole furthermore exists, generating of a crack and unevenness can be 
controlled certainly. To be 200 micrometers or less as requirements for the dimple processing 
hole for attaining such a function as a upper limit of a hole diameter for neither a molten metal 
nor Society for Cutting Up Men to flow in probably is demanded. When air is furthermore involved 
in, the minimum value of a hole diameter is specified as requirements for putting together in a 
dimple processing hole effectively, and this is 50 micrometers. Both minute hole spacing still 
needs to be the conditions which not both holes touch in order to collect air effectively, and in 
order to specify coagulation karyogenesis certainly, it is required that the center-to-center pitch 
between holes should be 1 00-500 micrometers. Moreover, in order to demonstrate the intensive 
function of air effectively and to specify coagulation karyogenesis clearly, 50 micrometers or 
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more are required as the depth. 

[0016] If the dimple processing hole shown above is introduced into homogeneity over the whole 
surface at cooling drum lifting, since generating of a crack and unevenness can be controlled 
effectively, the drum front face before dimple processing is good in respect of being smooth. On 
the other hand, the homogeneity of such processing may be spoiled by some external fluctuation 
factors (for example, scan speed fluctuation at the time of laser beam machining etc.). In such a 
case, in advance of installation of the dimple processing hole shown above, it became clear that 
it is effective to prepare the hollow of specific conditions. Below, the introductory requirements 
for this hollow are explained to a detail. The irregularity (hollow) of the long period of 1mm order 
is first continued and introduced into a drum front face by the shot-blasting method etc. on the 
whole surface. If a molten metal is cast using the cooling drum which attached such a hollow, a 
molten metal contacts hollow heights first, generation of a coagulation nucleus takes place, a gas 
gap will generate between cast piece front faces, and generation of a coagulation nucleus will be 
overdue in a hollow crevice. Solidification shrinkage stress is distributed and eased by the 
coagulation origination of nucleus in hollow heights, and generating of a crack is controlled. In 
order to attain such a purpose, hollow heights need to be specified clearly and, for this reason, it 
is necessary to form a hollow on the conditions which touch mutually or have a lap. When this is 
formed on the conditions which a hollow does not touch, it is because the work as the above- 
mentioned hollow heights with the same part with a smooth front face from the first is performed 
and it becomes impossible to specify the coagulation origination of nucleus clearly. A hollow 
diameter needs to be prescribed by relation with crack generating resulting from the 
solidification shrinkage stress generated in connection with the coagulation delay in a hollow 
crevice, and needs to be 3000 micrometers or less. Moreover, this lower limit is prescribed by 
relation with the diameter of the above-mentioned dimple processing hole, and is set to 200 
micrometers from the requirements which are more than dimple processing bore diameters. In 
order for the hollow depth to make the above-mentioned gas gap generate, the value of 80 
micrometers or more is required. Moreover, since the thickness of the gas gap of a crevice will 
increase, generation of the coagulation shell of a crevice will be large, the ununiformity of the 
thickness between delay and the coagulation shell of heights will be expanded and a crack will 
occur if the depth is too large, it is necessary to be 250 micrometers or less. By superimposing 
the hollow shown in the above explanation on a dimple processing hole, and forming it, generating 
of a crack and unevenness can control more certainly according to the effectiveness of this 
hollow also in the part which heterogeneity generated in the spatial distribution of a dimple 
processing hole. 

[0017] Next, the basis about the requirements for the quality of the material of a cooling drum 
front face is explained to a detail. If a cooling drum rotates in casting of a thin cast piece, since 
it is exposed to a gas ambient atmosphere after passing a hearth, a drum front face will form an 
oxide in a front face while receiving the heat cycle of a fixed period. Since such an oxide layer 
serves as cooling resistance at the time of cooling, it must be certainly removed by technique, 
such as brushing, in a gas ambient atmosphere. Therefore, while it is strong to thermal fatigue as 
the surface quality of the material, the quality of the material excellent in abrasion resistance is 
required. As a parameter for realizing such a property, surface hardness is selectable as central 
value, and Vickers hardness serves as a value or more of 200 in this case. As the quality of the 
material with which this requirement is filled, nickel, nickel-Co, nickel-Co-W, nickel-Fe, nickel-W, 
Co, nickel-aluminum, or Cr is chosen. In addition, since it is necessary to excel in cooling ability 
as a cooling drum, the copper or the copper alloy which was excellent in thermal conductivity as 
a drum base material is used. Therefore, the above-mentioned quality of the material is covered 
with plating from bonding strength with a base material, or a strong viewpoint. Moreover, it is also 
considered that plating carries out the composite plating of a monolayer or two or more sorts. 
Furthermore, the timing of plating can consider the case where it carries out before laser dimple 
processing, and the case where thin film plating is performed after laser dimple processing, and 
chooses them from the balance of laser workability and surface abrasion resistance suitably. 
[0018] (B) Explain to a detail the basis of the requirements for the laser pulse for forming the 
dimple processing hole explained in full detail by the above-mentioned (1) term below in the 
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basis of the requirements for a laser pulse which realize the laser dimple processing approach. 
Drawing 3 shows the typical time amount wave of the C02 laser pulse taken out by the rotation 
chopper Q switch technique. In the C02 laser, in order to improve oscillation effectiveness, N2 
with the energy level of upper level comparatively near it of C02 among molecular vibration level 
is added to the laser medium. If a rotation chopper etc. is made to perform Q switch actuation in 
order to operate as a storage-of-energy medium at the time of this existence of N2 being 
discharge excitation, in addition to the "initial spike part" equivalent to the giant pulse in solid 
state laser, it will become the gestalt which the "pulse tail part" which originates in the energy 
transference by the collision from N dyad to CO dyad, and is oscillated in continuous wave 
accompanied. Invention-in-this-application persons will have shown JP, 8-309571 ,A etc. that this 
pulse tail part can contribute effective in processing, if such a Q switch C02 laser pulse is 
applied to hole processing. However, in this phase, since hole processing with a hole depth of 
10-50 micrometers was borne in mind, it became clear like the purpose of this application that it 
was unrealizable to process a hole with a depth of 50 micrometers or more. Even if it specifically 
enlarged pulse energy by setting a pulse full to 20microsec, it turned out that the hole depth is 
saturated and a'hole with a. depth of 50 micrometers or more cannot be formed. Then, invehtion- 
in-this-application persons found out that a result as shown in drawing 4 was obtained, as a 
result of doing detailed experiment research which changed a pulse full and the combination of 
pulse energy systematically to nickel plating sample. Drawing 4 (a) is the result of packing [ a 
pulse period full ] pulse energy for the depth of an axis of abscissa and a processing hole as a 
parameter for an axis of ordinate, and this drawing (b) is the result of arranging a surface 
treatment bore diameter in the same format. Although there were few pulse width dependencies 
of a surface bore diameter when drawing was referred to, it turned out that the pulse width 
dependency of the hole depth has a characteristic inclination. Although pulse energy specifically 
increases the hole depth in monotone with the increment in a pulse full in the low pulse energy 
conditions which are 10 - 30mJ extent, a pulse full takes a peak on condition that 20- 
30microsec, and in order to change the hole depth to reduction (well-known range), the hole 
depth is also restrained considering a little more than 40 micrometers as an upper limit. However, 
when it changed and went a pulse full considering pulse energy as conditions for 50 or more mJs, 
it found out that the pulse full conditions of taking an above-mentioned peak shifted to a long 
pulse side, in order to interpret this phenomenon — the spectrum of the laser generation plasma 
— as a result of evaluating, it became clear that the electron density in the plasma in the timing 
of an initial spike will become high sharply if a pulse full makes pulse energy increase on the 
short conditions below 30microsec, induction of the reverse braking radiation process was 
carried out to the timing of a pulse tail part by this effect, and the power of a pulse tail part 
could not supply effective in a workpiece. Even if pulse width makes pulse energy increase on 
the long pulse conditions more than 30microsec, as a result of the pulse energy contained in a 
pulse tail part increasing relatively on the other hand, the degree of the increment in peaking 
capacity of the initial spike section is eased from above-mentioned conditions. Consequently, 
since the steep increment in the free electron consistency in the laser generation plasma is 
controlled and the effect of reverse braking radiation is also eased, the hole depth increases in 
monotone with the increment in pulse energy, the experimental result shown above and a 
spectrum — it became clear that the pulse full more than 30microsec is required in order to 
attain hole processing of this application purpose of 50 micrometers or more as a result of the 
interpretation based on evaluation. Next, a pulse full upper limit is explained. As trial calculation 
showed, in order to attain the invention in this application in the conventional technical column, 
hole processing of the number before and behind 100 million must be attained per cooling drum. 
In order to end such processing within realistic time amount, it is necessary to set up the pulse 
oscillation repeat frequency of a Q switch C02 laser early as much as possible. When the type 
value of the dimple processing conditions of having made 4 hours into the upper limit and having 
indicated the floor to floor time of one cooling drum to (1) as an example is used, as for the 
pulse repetition frequency demanded, 6kHz or more is needed. On the other hand, if a desired 
hole processing pitch and pulse repetition frequency are determined, the passing speed between 
holes will be determined, but when a pulse full becomes too much long, processing which the 
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workpiece moved within the time amount width of face of a pulse oscillation, and was 
concentrated on the same point becomes impossible. Consequently, the trouble said that a 
surface bore diameter becomes large and the hole depth becomes shallow occurs. When passing 
speed was [ the movement magnitude within pulse period width of face ] 50% or less of a surface 
bore diameter on the conditions to 2 m/sec as a result of evaluating the passing speed 
dependency of hole workability ability in order to grasp this phenomenon, it became clear that 
remarkable workability degradation did not occur. From a surface bore diameter being a maximum 
of 200 micrometers here, as explained in the (A) term 200(micrometer) x0.5/2(m/sec) = 
SOmicrosec is obtained. Therefore, this value will give a pulse full upper limit. In addition, 
modification pulse full [ this ] is attained by changing the released-time width of face of a slit in 
the Q switch method which uses a rotation chopper. Moreover, in case dimple processing 
conditions are changed, when changing pulse width suitably, two or more rotation chopper blades 
which have different slit width may be prepared, but if the chopper blade from which the open 
width efface of Slit S changes by radial is prepared as shown in drawing 2 , it is also possible to 
realize various kinds of pulse full with the blade of one sheet. 

[0019] Next, the basis of the pulse energy needed is explained. Drawing 5 is the graph which 
extracted the data of conditions with a pulse full [ sec ] of 30micro among the data of drawing 4 
(a), and was shown with the relation between pulse energy and the hole depth. In order to attain 
a hole depth of 50 micrometers or more which is the purpose of the invention in this application 
so that clearly from drawing, the value of 40 or more mJs is needed as pulse energy. Moreover, 
in a continuous wave excitation Q switch C02 laser, the energy density in a confocal location of 
the pulse energy which can be taken out from constituting a confocal telescope from a rotation 
chopper Q switch method inside a resonator needs to be below the breakdown threshold of an 
ambient atmosphere gas. Since the maximum pulse energies generally obtained on this condition 
are 150mJ(s), this value gives the upper limit of energy. It is controllable because output pulse 
energy changes the glow discharge electric energy in discharge excitation here. Although direct 
current discharge is generally used as a discharge excitation method, you may be any of the 
method which impresses an alternating current and RF discharge continuously, or the method 
which applies pulse modulation to the discharge. 

[0020] Next, the requirements for the diameter of laser beam condensing used for processing 
are explained. The diameter of surface hole processing changes depending on the pulse energy 
generally supplied with the diameter of laser beam condensing. For example, if pulse energy is 
changed to the bottom of the condition of the diameter of condensing fixed like drawing 4 (b), a 
surface bore diameter will increase in monotone with the increment in energy. When this makes 
energy increase in the comparatively long pulse period more than of 30microsec, it is for heating 
a part larger than the exposure field specified by the diameter of a condensing laser beam, and 
resulting in melting and evaporation by heat transfer diffusion. Then, surface bore~diameter:50- 
200micrometer, the hole depth which were indicated to this application claim 1 as a result of 
conducting the experiment which changes pulse energy, preparing the lens of various kinds of 
focal distances, and changing the diameter of laser-beam condensing: It turned out [ the range 
of 50-150 micrometers, then ] as conditions for the diameter of condensing for fulfilling the 
conditions of 50 micrometers or more that it is good. The upper limit of the diameter of 
condensing serves as 150 micrometers and a value of the upper limit of a surface bore diameter 
smaller than 200 micrometers like **** for the phenomenon in which a bore diameter larger than 
the part actually irradiated is obtained occurring. In addition, a lower limit is determined by the 
lower limit of a surface bore diameter. 
[0021] 

[Example] Drawing 1 is the block diagram of the laser-beam-machining equipment which applied 
this invention. The laser oscillation machine 7 is Q switch C02 laser equipment with which the Q 
switch equipment which consists of a rotation chopper 10 installed in a confocal telescope (the 
telescope lens 8 and a total reflection mirror 9 constitute) and its confocal location was built 
into the rear face of continuous discharge excitation laser tubing which used carbon dioxide gas 
as the oscillation medium. The number of rotations of a rotation chopper is 8,000rpm, 45 slits are 
introduced on a chopper blade and, as for a pulse full, a 6kHz pulse train is acquired as 
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32microsec and pulse repetition frequency. A beam angle of divergence is amended by the 
collimation mirror (concave mirror) 1 1, and the laser beam L outputted from the laser oscillation 
machine 7 results in the processing head 13, and with the condenser lens 14 made from ZnSe 
with a focal distance of 63.5mm, it is condensed by the diameter of 100 micrometers and it is 
irradiated by the drum 1. When the cooling drum 1 on which some concave crown is given for the 
diameter of 1,200mm rotates with the constant speed of 0.4rps with the drum slewing gear 15, 
hole processing is made in 250-micrometer pitch. The laser-beam-machining head 13 moves by 
rate 100 micrometer/sec in parallel with the direction of drum axial length with X shaft- 
orientations driving gear 16, and hole processing is made in 250-micrometer pitch also in the 
direction of axial length. In addition, since some concave crown is given to the drum, it imitates 
in the height of an eddy current method, the distance on a processing head and the front face of 
a drum is measured on-line by the sensor 18, and it controls to drive the processing head 13 and 
to keep constant the distance of a condenser lens 14 and drum 1 front face with Z shaft- 
orientations driving gear 17, based on the measurement result. 

[0022] It was processed by setting laser pulse energy to 90mJ(s) to the cooling drum 1 which 
galvanized nickel-Co-W on the front face, and established the hollow in it with shot blasting 
beforehand using the above configuration. Consequently, processing of surface bore-diameter 
[ of 180 micrometers ], depth [ of 55 micrometers ], and dimple hole pitch 250micrometer was 
attained. A surface general view is shown in drawing 6 . 

[0023] The congruence drum type continuous casting equipment which shows austenitic 
stainless steel (SUS304) to drawing 7 cast using the cooling drum processed by this approach to 
the band-like thin cast piece of 3mm of board thickness, and it hot-rolled succeedingly to 
casting, it cold-rolled after that, and the sheet metal product of 0.5mm of board thickness was 
manufactured. About cast piece quality, the visual inspection of the sheet metal product after 
cold rolling performed. Consequently, there is no generating of a surface check in a thin cast 
piece, and neither a surface crack nor unevenness was generated also for the sheet metal 
product after rolling. As a result of performing same casting using the drum which does not 
perform laser dimple processing by this invention as an example of a comparison, while the 
detailed crack occurred corresponding to the part which involved in Society for Cutting Up Men, 
unevenness clear on a sheet metal product front face was observed. 
[0024] 

[Effect of the Invention] Since the cooling drum which can prevent certainly the surface check 
and uneven brightness of a thin cast piece which are manufactured by congruence drum type 
continuous casting equipment etc. can be offered according to this invention, it has the 
effectiveness that manufacture of the stable defect-free cast piece is realizable. 
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* NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing the configuration of the dimple processing 
equipment of the drum for thin cast piece continuous casting machines by this invention. 
[Drawing 2] It is the explanatory view which expressed typically the configuration of the rotation 
chopper which is one component of a Q switch C02 laser used for the dimpje processing 
equipment of the drum for thin cast piece continuous casting machines of this invention. 
[Drawing 3] It is drawing having shown an example of a Q switch C02 laser oscillation wave. 
[Drawing 4] It is the graph which expressed with the combined condition pulse energy pulse full 
[ various ] the experimental result which performed hole processing by the Q switch C02 laser, 
and is the graph which shows the relation between (a) pulse full and the hole depth, and the 
relation between (b) pulse full and a surface bore diameter. 

[Drawing 5] It is the graph which shows the relation between pulse energy and the hole depth 
about the data of conditions with a pulse full [ sec ] of 30micro among the data of drawing 4 . 
[Drawing 6] It is drawing showing a surface general view which processed it using the dimple 
processing approach of the drum for thin cast piece continuous casting machines of this 
invention. 

[Drawing 7] It is the side elevation of congruence drum type continuous casting equipment. 
[Description of Notations] 

1 T Cooling drum 

2 Side Weir 

3 Slag Trap 

4 Seal Chamber 

5 Tundish 

6 Kissing Point 

7 Laser Oscillation Machine 

8 Telescope Lens 

9 Total Reflection Mirror 

10 Rotation Chopper 

1 1 Collimation Mirror 

12 Flat-Surface Total Reflection Mirror 

13 Processing Head 

14 Condenser Lens 

15 Drum Slewing Gear 

16 X. Shaft-Orientations Driving Gear 
1 7 Z Shaft-Orientations Driving Gear 
1 8 Imitate in Height and it is Sensor. 
C Thin cast piece 

S Slit 

L Laser beam 
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